The incidence of disseminated candidiasis has increased markedly over the past decade (5, 6, 8, 10, (19) (20) (21) . The disease has been a common infection among immunocompromised patients and is associated with a mortality of up to 75% (10, 19) .
Systemic candidiasis is difficult to diagnose, as there is no typical clinical picture (1, 4, 17) . Blood cultures are negative in more than half of the patients with necropsy-proven disseminated candidiasis (4, 12, 15) . Various serological procedures have been devised to detect the presence of Candida antibodies, ranging from immunodiffusion to more sensitive tests such as counterimmunoelectrophoresis, enzyme-linked immunosorbent assay, and radioimmunoassay (11-13, 21, 22 ; Editorial, Lancet ii: [1373] [1374] 1986 ). Although the accuracy of these tests may be as high as 90% in some groups of patients, in immunocompromised patients, false-positive or false-negative results are encountered (Editorial, Lancet, 1986) . Western blotting (WB; immunoblotting) has been used successfully in the detection of antibodies against Candida species, but interpretation of Candida serology for antibodies is difficult in immunocompromised patients because their B-cell function may be inadequate (7; Editorial, Lancet, 1986 ). More recently, WB has been used to detect Candida antigens in sera of patients with systemic candidiasis, although controversies in interpretation of the results still remain (15, 17, 18; Editorial, Lancet, 1986) .
Because of the difficulties cited above and in an attempt to increase our ability to diagnose systemic candidiasis in immunocompromised patients, the experiments reported here were performed to determine whether Candida albicans antigens could be detected in urine specimens from patients by WB. C. albicans antigen has been demonstrated in sera from patients with systemic disease (16, 24) Pyronin (Bio-Rad Laboratories) was used as the tracking dye, and prestained molecular weight standards (Bio-Rad Laboratories) were included in each day's test. Polyacrylamide gel electrophoresis was conducted with a 10% resolving (lower) and a 3.5% stacking (upper) gel. Each electrophoresis chamber was subjected to 15 mA for 10 min, after which the current was increased to 20 mA for about 50 min or until the dye was 1 cm from the bottom of the gel plates. The separated proteins were electrophoretically transferred to nitrocellulose paper (pore size, 0.45 ,um; Bio-Rad Laboratories) for 30 min at 70 V followed by 2.5 h at 100 V. The nitrocellulose sheets were incubated at 4°C overnight in Blotto buffer (5% skim milk) and cut into strips (width, 2 to 3 mm) for the enzyme immunosorbent assay. The strips were incubated at 37°C for 3.5 h with rabbit antiserum to C. albicans or preimmune rabbit serum controls (1:100), washed, and incubated with biotinylated anti-rabbit immunoglobulin G (1:1,000; Vector Laboratories, Burlingame, Calif.) for 30 min. After washing, the strips were incubated with horseradish peroxidase-avidin D (1:1,000; Vector Laboratories) for 30 min and washed. Color was developed with 4-chloro-1-naphthol in the presence of 0.01% hydrogen peroxide.
The sensitivity of WB for C. albicans antigen was ascertained by reacting the cytoplasmic extract in dilutions from 1:10 through 1:2,000 against rabbit antiserum to C. albicans. Ten patients who had two or more positive blood cultures for Candida species at least 24 h apart were selected for testing. Six patients had positive blood cultures for C. albicans, one patient had a positive blood culture for both C. albicans and C. parapsilosis, two patients had positive blood cultures for C. tropicalis, and one patient had a positive blood culture for C. parapsilosis. Random urine samples were collected from these patients. All patients except one were receiving amphotericin B therapy for between 3 and 14 days. All urine samples were cultured for fungi by plating them onto Sabouraud dextrose agar plates. Urine samples from patients with disseminated aspergillosis and healthy male volunteers were used as controls. Urine samples were concentrated approximately 10 times against polyethelene glycol 20,000 (Fisher Scientific Co., Pittsburgh, Pa.) in dialysis tubing with a molecular weight cutoff of 6,000 to 8,000 (Spectra/Por 1; Spectrum Medical, Los Angeles, Calif.). Dialysis tubing containing the urine sample was submerged in polyethelene glycol flakes and removed when the urine volume had decreased about 10-fold.
Our Candida cytoplasmic extract had a protein concentration of 884 ,ug/ml. WB with the rabbit antiserum to C. albicans could detect this antigen up to a dilution of 1:1,000 (Fig. 1) . The limit of antigen detection was, therefore, 0.88 ,ug of protein.
The C. albicans rabbit antiserum recognized nine bands in our Candida antigen preparation (Fig. 1 ). These were seen in the 90-, 88-, 84-, 80-, 55-, 47-, 37-, 30-, and 20-kilodalton (kDa) areas. As the antigen was progressively diluted, the lower-molecular-mass bands disappeared. At a 1:200 dilution of the antigen, the 20-kDa band could no longer be detected, and the bands in the 30-kDa area were only faintly visible. The latter bands disappeared at 1:500 dilutions of the antigen. Bands in the 37-to 88-kDa areas persisted up to antigen dilutions of 1:1,000, with the strongest bands being in Antigen bands were seen in urine samples of five of seven patients with C. albicans-positive blood cultures (Fig. 2) .
Urine samples from patients 1, 3, and 6 showed three to five bands; urine from patient 2 showed one strong band in the 47-kDa area; urine from patient 5 showed a weak band in the 47-kDa area only. Further concentration of the urine samples did not increase the intensities of these weaker bands.
The only other antigen bands in patients 1, 3, and 6 were in the 37-kDa area. Weak bands in the 20-kDa area were seen in the urine samples from patients 3 and 7.
Of the urine samples from patients with Candida infections other than C. albicans, those from patients 8 (C. tropicalis) and 10 Urine samples from 10 patients with proven candidiasis were tested by WB for C. albicans antigen (Table 1) . Antigen bands were detected in five of seven patients with C. albicans-proven infection (patients 1, 2, 3, 4, and 6). Among these five patients, urine samples were collected from three of them (patients 1, 5, and 6) 3 or 4 days after the start of effective therapy, and urine was collected from one (patient 2) on day 8 of treatment, with a poor response. Urine was collected from patient 3, who did not receive antifungal treatment, on day 3 of his illness. In patient 6, the urine antigen became negative after the patient had received 10 days of effective therapy. After 10 days of treatment urine was collected from one patient (patient 4) with C. albicans fungemia who showed no antigen in his urine and who was showing a good therapeutic response; hence, antigenuria could be negative on this basis. These findings suggest that antigenuria may be influenced by the length and efficacy of the treatment. Antigenuria has disappeared in humans treated for histoplasmosis and has recurred in those with recurrent disease (25) . In another study using a rat model with aspergillosis, antigenemia disappeared after the animals were treated with amphotericin B (21) .
In the two patients with C. tropicalis infection (patients 8 and 9), one (patient 9) showed a weak C. albicans antigen band in his urine and serum samples; both of these samples were collected 2 days after the positive blood culture. Since a low cross-reactivity between C. albicans and C. tropicalis has been demonstrated (2, 18) and since C. albicans fails to appear in blood cultures in more than half of the patients with disseminated candidiasis (13, 15) , it is possible that this patient had a cross-reacting antigenemia or a combined infection. In the urine sample from patient 7, a patient with both C. albicans and C. parapsilosis infections, antigen bands were very weak. The urine from the patient who had a C. parapsilosis fungemia (patient 10) was negative for the C. albicans antigen. Since cross-reactivity between C. albicans and C. parapsilosis has been found (2), we might expect to find cross-reacting antigens in the urine. However, in this case, the sample was collected 12 days after effective therapy.
The number of antigen bands appears to be proportional to the severity of infection and the presence of renal involvement. The patient who showed the strongest and largest number of bands (Fig. 2, patient [case] 3) was a patient with acquired immune deficiency syndrome (AIDS) who had multiple organ involvement and bilateral multiple renal abscesses caused by C. albicans that were found at the time of autopsy. Additional studies need to be performed to determine whether renal involvement contributes to the presence of C. albicans antigen in the urine. Of the 12 urine samples tested in this study, all had negative fungal cultures. The antigen appearing in the 47-kDa area was the common antigen present in all positive urine tests. This antigen appears to be specific for C. albicans (18) and has been detected in the serum of patients with invasive disease (18) .
WB for the detection of C. albicans antigens in urine appears to be a promising method for the diagnosis of disseminated candidiasis, for monitoring the effects of treatment, and for excluding the possibility of relapsing infection. Urine sample collection is not an invasive procedure, and there is no need to treat urine samples chemically or otherwise to dissociate the antigen from immune complexes, a procedure which has been found to be necessary for the detection of certain circulating fungal antigens in serum (25; Editorial, Lancet, 1986 
